ABSTRACT
INTRODUCTION
Copper is ranked next to iron and aluminum as a mass produced metal and these minerals are well known as primary resources. Due to the uneven distribution and exhaustion of these minerals, the recycling of copper will be important. In the case of recycling of copper scrap using a pyrometallurgical process, an oxidation refining technique could be applied since copper is more noble than impure elements such as Fe, Sn, Pb and so on. It is expected that a slag bearing Cu x O is formed under oxidation conditions. The melt characteristics of the slag containing Cu x O, therefore, will be required for the design of the process vessel and slag separation from copper melt.
In the present work, density and surface tension of the molten Cu x 0,Cu x 0-Si0 2 and Cu x O-CaO slags have been measured under air at 1573K by maximum bubble pressure method.
EXPERIMENTAL

Sample
In the present study, measurements were carried out using seven types of Si0 2 compositions from pure Cu x O to 25mol% Si0 2 in the Cu x 0-Si0 2 . These compositions are determined from the phase diagram for the system These were then mixed with a mortar, placed in a magnesia crucible and melted at 1573K in air. After melting, the slag was quenched onto a water-cooled copper vessel.
Experimental Method
The density and surface tension were determined using the maximum bubble pressure method. In this method, gas was passed from the upper part of the capillary tube, which was immersed into the melts.
When bubbles were formed at this end of the tube, the maximum bubble pressure was measured and the density and surface tension were determined. The advantage of this method is that both density and surface tension can be determined simultaneously in spite of a very simple apparatus. The schematic diagram of the electric furnace is shown in Fig. 1 .
The density was calculated from a slope of the maximum bubble pressure against the immersion depth.
The surface tension was calculated by the Schrödinger equation (1); rP n r = -
where γ is the surface tension, P 0 is the maximum bubble pressure at the melt surface, r is the corrected inner radius of capillary tube calculated from that measured at room temperature and the expansion coefficient, ρ is the density of the melt and g is gravitational constant.
For the measurement, a small amount of gas was passed through a platinum and magnesia tube with inner diameter of 1mm, which was gradually immersed into the melt. Wettability between a nozzle material and slag is very important in this method. Since both the platinum and magnesia tube showed good wettability to the slag, the inner diameter of the magnesia tube was used for the calculation of surface tension.
Since the maximum bubble pressure method is a static measurement method, the static conditions must be satisfied at the time when the bubble has a minimum radius. Hence the relationship between maximum bubble pressure and discharge volume flow rate controlled by a micro tube pump was measured at a fixed immersion depth. When Cu x 0-Si0 2 slags were melted in a platinum crucible, the slag reacted with platinum and made a hole at the lower wall of the platinum crucible. It is expected that a small amount of platinum dissolved into the slag/4/. Fig.3 shows results of platinum solubility into the slag. Since dissolution of platinum is very small, it is considered that platinum dissolution has no influence on the density and surface tension.
Relationship between immersion depth and maximum bubble pressure
An example of the relationship between immersion depth and maximum bubble pressure is shown in Fig. 4 . 
Density and Surface Tension
The results of determination of density and surface tension of Cu x 0-Si0 2 slag using the maximum bubble be that these data will be measured in the recycling project.
3-2 Cu x O-CaO slag system
Slag Composition before and after Measurement
Since magnesia crucibles were used in the experiments, a few amount of magnesia was dissolved into the slag after experiments. 
Equation (3) is a "O" type redox reaction /3/. In a Cu x 0-Si0 2 melt "O" type redox reaction was observed. 
Density and Surface Tension
CONCLUSIONS
In the present study, measurements were carried out for density and surface tension of Cu x 0-Si0 2 slag and Cu x O-CaO slag using the maximum bubble pressure method at 1573K. in air. The following conclusions were obtained. 
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